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INTRODUCTION

The uselful range of deflection of a control surface
is ordinarily limited by the occurrence of flow sepa-
ratlon on the convex side of the surface behind the
hinge. After this separation occurs the hinge moment
Increases rapidly, making 1t extremely difficult to
deflect the aileron beyond thils point at high speed.

An alleron following the shape of the orliginal airfoll
forms an outslde corner on one side of the flap hilnge
when it 1s deflected through a small angle. The
increased local veloclty around thils corner, which is
followed by an adverse pressure gradlent, ls responslble
for the flow separation.

When beveled allerons were constructed for the
XP-51 alrplane, the bovel was bullt up by spreading
the upper and lower surfaces apart behind the hilnge
(see fig. 1, configuration B, and fig. 2 of reference 1),
making a slight inside corner on each surface. Durlng
the flight tests, 1t was noted that these allerons
showed a somewhat greater useful range of deflections
and gave slightly better control at low spesed than did
the original allerons.

In an attempt to further lncrease the useful range
of angular deflectlons, the alleron shown 1n figure 1,
configuration C, was designed. The more pronounced 1inside
édorner at the aileron hinge polnt causes an 1nltial posil-
tlve pressure peak, so that a certaln amount of deflec-
tion 1s possible before the pressure curve becomes flat.
The purpose of the present investlgatlion made 1in the
Langley Memorlal Aeronautical Laboratory two-dimenslonal
low~turbulence tunnel was to determine the general



aerodynamic characterlistics of this aileron and, in
partlicular, to determine 1ts useful angular range.

APPARATUS AND MeTHODS

A scale model having a 36-inch wing chord and
35.75-inch span was made to correspond to the measured
ordinates of an intermediate section of tle alleron
portion of the wing (16 inches outboard from the inboard
end of the right alleron) of the XP-51 alrplane. The
wing section was modified aft of the 70-percent chord
point In order to falr iIn the J.150-chord alleron.
(See fig. 1, configuration C.) The ordinates of the
modified wing section forward of the alleron hinge line
and the original measured ordinates of the plain wing
are given in table I. .

The alleron shapes tested are shown 1ln figure 2.
The three ailerons were hinged at the 85-percent chord
polht. Therefore, with the 0.145-chord aileron the
wing chord was reduced approximately 0.2 inch. In the
sealed condltlon, the alleron nose gap was sealed with
thin rubber dam.

For the low-drag condltlon, the model was finished
with number 00 waterpaper to produce aerodynamlcally
smooth surfaces. For the high-drag condlition, the
model surfaces were the same as In the low-drag condil-
tion; but roughness strips, made of carborundum grains
embedded 1n glue on a l-lnch strlp of Scotch tape,
were placed on the upper and lower surfaces near the
leading edge of the model.

Lift and drag measurements of the model were made
by the methods described iIn reference 2. The profile-
drag and 1ift coeflflclents were based on a nomlnal wlng
chord of 36 inches. The alleron hings rioments were
measured by means of a cullbrated torque rod and the
cosefficlént 1s based on the actual chord and span of
the aileron.

All tests were made at a dynamic pressure cf
59.7 pounds per square toot, which corresponds te a
veloclty of about 150 miles per hour and a tost Reynolds
number of approximately );,000,000. The test program 1s
given iIn the following table.




Alleron deflectlon, t30°, for all runs

oo - Surface
Run no. { Alleron (deg) Gap condltlon condition
1 1 0 Seal Smooth
> 1 0 No seal Smooth

3 1 0 Seal RZ%%??ZSS
L 2 0 Seal Smooth
5 2 0 Seal Rggg?g:ss
6 3 0 Seal Smooth

Roughness

7 3 Oh Seal strips
0, th.1 Roughness

8 3 8.3 Seal strips

RESULTS AND DISCUSSION

Effect of hinge-gap seal.~- The effects of sealing
the hinge gap cn the alleron characteristics can be seen
from the results presented in figure 3. With the gap
open there 1s a tendency for alleron 1 to overbalance
for small deflections. A simllar tendency has been
found 1n other tests on beveled-tralling-edge aillerons.
As shown 1n figure 3, thils tendency to overbalance was
eliminated by sealing the gap to stop the flow of air.
Apparently the pressure dilifference resulting from a
small deflection of the alleron 1s sufficlent to cause
a large portlon of the boundary layer to flow from one
slde of the airfoll to the other through the hinge gap,
accentuating the effect of the bevel. In additlon to
eliminating the overbalance, sealing the gap also reduced
the Increment in 1ift for the larger alleron deflectlions.
This 1s not in agreement with the usually favorable
effect of mealling the gap of contour allerons or less
severely shaped allerons. In a practical installatlon
the effect of the hinge gap may, of course, be influenced
by the lnternal pressure 1n the wing.
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-~ - ~Bffect of surface condltion and Reynolds number.-
Because the balancing action of the bevel depends on the
boundary-layer thickness and proflle, 1t is.to be
‘expected that the amount of balance obtalned may vary
considerably wilth surface roughness and Reynolds number.
Because the boundary-layer: thickness near the tralling
edge of the alrfoll 1s intimately related to the drag
coefficlent and because the form of the boundary-layer
proflle near the tralling edge varles 1little for thin
alrfoils at small angles of attack, 1t is to be expected
that the halancing action of the bevel can be relsated

to the drag coefficlent of the sectlon. Thé effects of
Reynolds number, position of trarsition, and surface
conditlon on alleron characteristics nay therelfore be
correlated with thelr known effects on proflle. drag.

The effect of chenges in proflle drag on the aileron
characteristics 1s indicated by the recults- presented
in figure li. The preserce of the roughness strips
approximately doubles the drag of the airfoll section
In each case. A comparison between the hligh- and low-
drag conditions for the tihree conf'lgurations shows that
the slope of the hinge-moment curve 1ls reduced for small
deflectlons and the increment of 1ift 1s reduced for
almost all alleron deflectlons by the addition orf the
roughness strips near the leading edge of the nodel.

For a conssrvatlve design, tke control surflface
should be proportioned so as to avold overbalance wlth
the hlghest proft*le-drag coefflclent the wing would be
expected to have ln sorvice.

Although these results (fig. L) may be taken as an
Indicucion of the effect of drapg on a moderately: thin
airfoll, 1t is not thourht that the results can be
saf'ely £, p.iou LU airfolls of grcater thickmess. On
thicker alrfolls the boundary layer at the tralling
eGg2 L8 often considerably nearer the separation point,
aiid the behavior of the alleron under tnese circum-
stances may be quite different.

Effect of alleron profile.- The effects of elleron
profile on the alleron chara“?bristics are presenued n
fizures L and 5.

In figure lj(a) the hinge ménent end 1ift charac-
teristics are Ziven 1or alleron-1i, which had a tralling-
edge bevel angle of 27°. 1In the smootk conéitior, tne



results show that for this moderate bevel angle the
hinge-moment and 11lft characteristics are approximately
linear until a down deflection of 25° is reached. For
upward deflections near ~-10°, an abrupt change occurs
in the slope of the hinge-moment curve. Although
alleron 1 would glve the required lateral control at
low speeds, the large negative value (-0.0053) of
(6ch/gba)a combined with the characteristlic positive

value of (dep/da)s, for beveled-trailing-edge allerons

would result in too large stick forces at high speeds

to sult present-day control requirements. The results
in figure l(b), wing smooth, show that alleron 2 with

e bevel angle of 30°, an increase of 3° in the bevel
angle of alleron 1, would also fall to glve the required
lateral coutrol at hiFh speed because of the too large
negative value (-0.00),) of (8cy/d6z)5. The results in
figure li(¢c), wing smooth, show tgat giferon 3 with a
bevel angle of 33°, an increase of 3° in the bevel angle
of alleron 2, coribined with a reduction in aileron chord
of 0.005c had a value of -0.0020 for (8cp/06a), which

should be low enough to glve the required lateral control
at high speeds on a pursult plane of conventlonal size.

A comparison of figures lL(a), l(b), and L(c) shows
that by increasing the bevel angle from 27° to 33° the
slope of the hinge-morient curve 1s progressilvely reduced
at small deflectlonsa, resulting in considorable curva-
ture of the hinge-moment curve, while the 1ift-
characteristic curves remain about the same for the
three allerons.

No contour alleron was tested for comparison with
the modified alleron; hence, it is not possible to
state definitely that the results of thsse iests show
an increase in the range of useful deflection over the
usual contour aileron, although low values of the hinge
moment appear to be extended to greater deflectlions than
is ordinarily found for conventlonal shapes.

Figure 5 glves a comparlison of drag polars lor the
modifled alleron sectlon and the plaln wing sectlon
with and without a 0.187c contour aileron. This com-
parison shows that in the range of test Reynolds number
an ilncrease 1in minimum profile drag Cdomin of about




0.0002 resulted from deforming the plaln section with a
contour alleron to form the modified sectlon and ailleron.

Because the results given in figure 6, wing leading
edge rough, showed that a 35° bevel angle would Just
balance out ths alleron hinge moments wilith the model at
0° angle of attack, tests were made to determine the
characteristics of alleron 3 wlth the model, leading
edge rough, &t other angles of attack. Thoese results
(fig. 6) show that, as the angle ol attack was increased
from 0° to L.1° and to 8.3° , alleron % showed positive
hinse-moment slopes Iin the negative deflectlon rengs.
1t will be noted, howsver, that the combination of right
and lefr't allerons 1s not ovaerbalanced.

Lengley Memorial Aeronautical Laboratoyy,
Natlonal Advisory Commlttee i'or Aeronautlcs,
Langley Field, Va., Ap=il 8, 194).
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TABLE I
AIRFOIL ORDINATES OF INTERMEDIATE WING SECTION OF XP«51 AIRPLANE

Plain wing section - Modified wing section
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Flgure .= Comparison of aiferon shapes tested for XYP-5/

awrplane. Configuration C is model conriguration
reported perein. -
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Effect of hinge gep on section aileron charscteristics

-Figure 3=
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